Banana is a major food and cash crop in Uganda, particularly in the central and southwestern regions. However, production is still below attainable yields and at the same time declining due to a number of reasons, with low soil fertility being paramount. Few farmers use inorganic fertilizers, with majority of them relying mainly on organic supplements including integration of trees/shrubs. However, trees and shrubs exist on banana farms in undefined numbers and composition, with no spacing and canopy management recommendations. Also, there is limited information on farmers' knowledge on these systems. A survey was, therefore, conducted on 70 randomly selected farms in Kiboga district, central Uganda to assess farmers' knowledge of, as well as identify trees and shrubs species and banana cultivars in their agro-ecologies. A total of 1,558 trees and shrubs belonging to 40 species and 21 families were recorded in the study area (52 trees/shrubs per banana plantation). These were dominated by Jackfruit, Artocarpus heterophyllus (15%), Natal fig, Ficus natalensis (10%), Albizia, Albizia coriaria (10%) and mango, Mangifera indica (9%). Further, 1,779 banana mats belonging to nine (9) cultivars and three (3) genome groups were observed growing underneath these four commonest tree species (2.6 banana mats per tree). The highest number of banana mats was observed growing underneath F. natalensis (54%) and A. coriaria (42%). Most (87%) observed banana cultivars belonged to the cooking East African Highland Banana (Musa AAA-EAHB) and dominated by Ndibwabalangira (21%). Farmers reported 25 benefits they derive from banana-trees/shrubs integration; with shade and firewood (38%), as well as income and timber (35%) being the main benefits reported. They also reported that the highest percentage of benefits was derived from F. natalensis (44%) and A. coriaria (32%). Of the four (4) most prevalent tree species, A. coriaria (100%) and F. natalensis (96%) were reported as good companion plant to bananas, whereas, A. heterophyllus (99%) and M. indica (97%) were regarded as bad companion plants. Farmers preferred a tree that allows light penetration (96%), is compatible with bananas and other crops (87%) and has easily decomposable leaves (83%). Therefore, F. natalensis and A. coriaria should be integrated in banana agrosystems for soil fertility improvement whereas; A. heterophyllus and M. indica be planted on farm boundaries. However, the best-bet spacing and pruning regimes for these trees should be determined to minimize the negative attributes as much as possible.
INTRODUCTION
Banana is an important staple food and income source for more than 10 million rural and urban Ugandans [1] . The crop also provides feed for animals, medicine, serves cultural roles as well as industrial uses. Despite its importance, production is still below the attainable yields [2, 3] . Average highland bananas yields (5−30 Mg ha −1 yr −1 ) are below the estimated potential yield of over 70 Mg ha −1 yr −1 [4] . This is mainly attributed to abiotic and biotic constraints with declining soil fertility being paramount [5, 6] . This is more pronounced in the central compared to the southwestern part of the country [7] .
Contrary to commercial banana production in most parts of the world, few Ugandan banana farmers use mineral fertilizers to replenish soil nutrient stocks [8] . Instead, they rely on organic supplements [4] , including integration of banana and trees [9, 10] . However, poor tree choice and canopy management practices may promote competition for light, nutrients, space and moisture, among others [11] . In addition, these systems are yet to be fully quantified and there are no recommendations on how to intercrop the bananas and the trees [3] . Trees and shrubs exist in infinite numbers and compositions on banana farms with no proper spacing and sequencing as well as canopy management recommendations. There is also limited information on farmers' knowledge on agroforestry which poses serious challenges to the proper use of particular tree species for soil fertility improvement [12] . Such information is vital since socio-cultural settings are known to influence adoption and valuation of agro-forestry systems [13] This study was, therefore, conducted in Lwamata sub-county, Kiboga district, central Uganda to: i) identify tree/shrub species and banana cultivars on smallholder farms, and ii) assess farmers' knowledge on the benefits of tree/shrubs-banana integration, and iii) determine the criteria used by farmers to classify a tree/shrub as 'good' or 'bad' neighbor to bananas.
MATERIALS AND METHODS

Description of the study area
The study was conducted in Kisweeka parish, Lwamata sub-county, Kiboga District, central Uganda in 2012. The district lies between 1 o 30"N and 32 o 14"E at 1000−1200 m.a.s.l [14] . Farming is the major economic activity and about 80% of the district labor force is engaged in agricultural activities. The most predominant crops grown are bananas, beans, coffee, cassava, maize and sweet potatoes [15] .
Sample selection and data collection
Lwamata sub-county was purposively selected for the study because bananas are predominantly intercropped with trees and/or shrubs [16] . Names of all the parishes in Lwamata sub-county were written on pieces of papers singly, folded and Kisweeka parish picked randomly. Then, the names of all villages in Kisweeka parish were written singly on pieces of papers and five villages were randomly selected, namely -Kisweeka, Kiryamuddo, Nabuzaana, Buyira and Nabyoto. A pretested questionnaire eliciting farmers' knowledge on the banana agro-forestry system was administered to 70 randomly selected farming households. From these, 30 households (6 per village) were randomly selected for tree and banana profiling. In each banana plot, all the trees and shrubs taller than 3m in a 10 x 10m quadrant were identified at species level, counted and recorded [16] . In addition, the four (4) most prevalent tree/shrub species were identified and banana mats underneath identified by cultivar, counted and recorded.
Cultivar proportions were then determined by measures of cultivar abundance and explained by determining variety richness (number) and evenness (distribution). The cultivar richness and evenness were summarized using the cultivar diversity indices based on Shannon-Wiener diversity index [17] . Where; s = number of cultivars αi = the proportion of individuals or the abundance of the i th cultivar; expressed as a proportion of the total sample ln = natural logarithm
Data analysis
Data analyses were done in SAS v. 9.1 for Windows [18] . Descriptive statistics were used to obtain means, standard deviations and frequencies, and presented in tabular and graphic forms. The numbers of banana mats per cultivar as well as the number and species diversity of banana cultivars underneath four (4) most prevalent tree species were compared using a Chi square test.
RESULTS
Tree/shrub species and banana cultivars observed
Results showed that 1,558 trees/shrubs belonging to 40 species and 21 families were recorded in the study area ( fig. 1 ).
Figure 1: Occurrence of banana cultivars underneath the four most prevalent tree species; Ficus natalensis (A), Albizia coriaria (B), Mangifera indica (C) and Artocarpus heterophyllus (D) in banana plots of Kiboga district, Uganda
Farmers' knowledge of the benefits accruing from tree/shrubs-banana integration
Responses from the 70 farmers interviewed showed that 25 benefits were derived from trees that are inter-planted with bananas. The highest proportion reported that trees provide shade (38%) and play an important role in soil fertility improvement (25%). On the other hand, source of income was reported by the highest proportion (35%) of farmers as the most important service accruing from trees, whereas, firewood (38%), timber (35%) and, food and fodder (30%) were the most important products derived from trees. Farmers reported that the highest percentage of benefits were from F. natalensis (44%) and A. coriaria (32%; Table 4 ).
Farmers' knowledge and definition of a good or bad companion tree/shrub species to bananas
All farmers (100%) reported Albizia coriaria, Azadirachta indica, Calliandra calothyrsus, F. sycomorus and Sesbania sesban as good companion plants to bananas. Acacia hockii, Eucalyptus grandis and Pinus caribaea were regarded as bad companion plants to bananas. Of the four (4) most prevalent tree species, farmers reported A. coriaria (100%) and F. natalensis (96%) as good companion plants to bananas, whereas, A. heterophyllus (99%) and M. indica (97%) were regarded as bad companion plants to bananas ( Table 5 ).
Most farmers (96%) reported ability of the tree canopy to allow light penetration, the presence of bananas or other crops underneath tree canopy (87%), and small and smooth leaves (83%) as the criteria they use to classify a tree/shrub as good companion plants to bananas ( Figure 2 ).
Figure 2: Criteria used by farmers in Kiboga district, Uganda to classify a tree/shrub species as good companion plants to bananas
Most farmers (97%) reported thick canopy densities, large and coarse leaves (86%) and no or few banana mats underneath their canopies (79%) as the criteria they use to classify a tree/shrub as bad companion plants to bananas ( Fig. 3 ). 
DISCUSSION
Traditionally, farmers in Uganda often deliberately retain, maintain and plant trees with their bananas [9, 16] . Results from this study showed a high density of trees/shrubs in the study area, with an average of 52 tree/shrubs per banana plot. This concurs with other studies in central and eastern Uganda [19, 20] . Similarly, the 40 tree/shrub species observed in this study are in line with work done by Kiyingi and Gwali [19] and Isabirye [20] . In the present study, Artocarpus heterophyllus, Ficus natalensis, Albizia coriaria and Mangifera indica were dominant. In addition, these tree/shrub species were fairly diverse with a Shannon-Weaver index of 2.85, a result that was also reported by Isabirye [20] in eastern Uganda. Few banana mats were generally observed underneath the four (4) commonest tree species (2.6 mats per tree species) which tallies with observations by Dold et al. [21] . This could be a deliberate action by farmers to reduce competition for available resources. But this may offer opportunities, where densities can be increased, coupled with other supplemental nutrient sources and improved canopy management. In Uganda, farmers usually grow a range of cultivars (12−23) in their banana plots for food security, risk aversion and to derive a range of benefits [7, 22] .
The East African Highland Banana (Musa AAA-EAHB) dominated the genomic groups observed, emphasizing their importance in central Uganda [7, 6] . This genomic group constitutes more than 70% of all the bananas grown in Uganda, contributing to the food security and income of both rural and urban population, particularly in the central and south-western Uganda. The banana cultivars in this study were dominated by Ndibwabalangira and Mbwazirume, agreeing with farmers' responses as reported by Mpiira et al. [16] . The highest number of banana mats and species diversity were observed underneath F. natalensis and A. coriaria whereas, the lowest underneath A. Farmers in Uganda have been integrating trees and crops for decades [23] due to a number of reasons. In this study, farmers demonstrated knowledge of the advantages and disadvantages attached to the agro-forestry systems [24, 25] . They cited 25 functions/services/products derived from the trees inter-planted with bananas, which were in agreement with the findings by Tabuti [26] . Farmers ranked provision of shade and soil fertility improvement as the most important functions accruing from trees. This corroborates with other findings [10, 12, 24] . A. coriaria, F. natalensis and M. indica were cited by farmers as the best for provision of shade, which agrees with other findings [25] . Farmers cited A. coriaria, S. sesban, F. natalensis, C. calothyrus and F. sycomorus as the most important trees for improving soil fertility, agreeing with Nyombi et al. [10] .
Farmers considered income as the most important service provided by trees [19, 27, 28] . However, this is contrary to Tabuti [26] who reported that smallholder farmers in eastern Uganda attached limited importance to trees as a source of income. Fruit trees and E. grandis were reported by farmers as the most important tree species that provide income, which was in line with Tabuti [26] and Nyamukuru et al. [29] . Farmers also identified firewood and timber as the most important products they derive from trees [30, 31] , with E. grandis cited as the most utilized tree species for firewood. On the other hand, M. lutea, A. coriaria and M. eminii were the most preferred species for timber [32, 33] . Farmers cited F. natalensis and A. coriaria as having the highest number of functions/services/products delivered from them. This is in conformity with findings from other studies [12, 25] . The fact that these two tree species are multipurpose partly explains why they are the most abundant as well as most preferred by farmers in the study area.
Farmers were able to identify trees/shrubs that are either 'good' or 'bad' companions to bananas and to other crop species [34] . Of the four most common tree species, farmers cited A. coriaria and F. natalensis as 'good' companions, whereas, A. heterophyllus and M. indica were cited as 'bad' companions to the bananas. However, despite being regarded as 'bad', these tree species are predominant in farmers' cropping systems [34] .
The decision to deliberately plant and/or maintain a tree/shrub species by farmers depends on the desirable or undesirable traits associated with the goods and services these trees provide [35] . In this study, farmers reported six (6) critical criteria they consider when classifying a tree/shrub as 'good' or 'bad' companion to bananas. Canopy density was the most important criterion considered by farmers when classifying a tree/shrub as 'good' or 'bad' for bananas [36] . In addition, compatibility of the tree species with bananas and other crops as well as small, smooth and easily decomposable leaves were also prominently reported criterion used by farmers [37] .
CONCLUSION
From this study the following conclusions can be made: It is, therefore, recommended that: -1. F. natalensis and A. coriaria be integrated more into banana agro-systems for shade and soil fertility improvement, 2. On the other hand, A. heterophyllus and M. indica be planted on boundaries for other products and benefits such as firewood and timber among others, 3. However, the best-bet spacing and pruning regimes for both tree species should also be determined in order to minimize the negative attributes as much as possible.
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